The aim of the study was to estimate the magnitude of endogenous blood urea nitrogen (EBUN) incorporation into bacterial protein produced in the rumen and into milk protein of goats fed low (LP), medium (MP) or high protein (HP) diets arranged in a 3 x 3 Latin Square design. Three Alpine goats of about 35 kg body weight fitted with cannula into the rumen and a catheter into the jugular vein were fed three isoenergetic diets containing 11(LP), 13(MP) or 16(HP)% crude protein in dry matter (DM). Goats were continuously infused 15 N urea into the jugular vein for 6 days. Daily milk yield was 1575, 1492 and 1770 g. Concentrations of milk urea were 139, 342 and 451 mg/l, whereas plasma urea was 178, 356 and 667 mg/l in LP, MP and HP groups, respectively. 15 N excess in urinary N was higher in the HP group, and in faecal N was higher in the LP group, respectively (P<0.05). In rumen bacteria mass enrichment of 15 N (atom% excess) decreased when the level of ammonia nitrogen in the rumen fluid increased with the level of protein in the diet. These values indicate a most efficient utilization of recycled urea nitrogen in the rumen for bacterial protein synthesis in goats consuming the diet with the lowest protein level.
N (atom% excess) decreased when the level of ammonia nitrogen in the rumen fluid increased with the level of protein in the diet. These values indicate a most efficient utilization of recycled urea nitrogen in the rumen for bacterial protein synthesis in goats consuming the diet with the lowest protein level.
15 N excess in milk urea differed (P<0.05) among groups (0.36, 0.74 and 1.22 % of 15 N dose in LP, MP, and HP groups, respectively), indicating dependence on the level of protein in the diet. The highest (P<0.05) amount of infused 15 N accumulated in the milk protein of the group LP (6.88, 4.50 and 2.23 % of 15 N dose in group LP, MP and HP, respectively).
INTRODUCTION
In ruminant animals, significant amounts of non-protein nitrogen compounds such as ammonia, circulates between the digestive tract and the blood (Houpt, 1959; Gärtner et al., 1961) . A substantial amount of this ammonia is converted in the liver to endogenous urea, which can be transferred to the rumen (Kowalczyk et al., 1975a,b; Harmeyer and Martens, 1980; Kennedy and Milligan, 1980) . Endogenous urea is hydrolysed in the rumen (Gibbons and McKarthy, 1957) and the resultant ammonia enters the ruminal ammonia pool (Bunting et al., 1989) . This ammonia is utilized by rumen bacteria, as an important source of nitrogen for bacterial protein synthesis (Virtanen, 1964) . This nitrogen is incorporated at various proportions in different amino acids of bacterial protein and the proportions depend on dietary composition .
The amount of urea transferred to the rumen and its utilization for bacterial protein synthesis depends on numerous factors. The most important is the amount of nitrogen compounds, carbohydrates, and types of fibre in the diet and rates of synchronization of its degradation in the rumen (Kennedy and Milligan, 1980; Kowalczyk et al., 1982; Lapierre and Lobley, 2001) .
It was shown in previous work (Kowalczyk et al., 1975a) , that in ruminants, the level of protein in the diets is an important factor regulating the retention of endogenous urea nitrogen and the excretion of endogenous urea in the urine and faeces. In sheep, the amount of endogenous nitrogen utilized for the synthesis of bacterial protein can exceed half of the dietary nitrogen when the supply is insufficient (Kowalczyk et al., 1975a,b) . In growing bulls, up to 16% of the synthesized ruminal microbial N could be covered by recycled endogenous N without decreasing N retention (Kluth et al., 2000) . The transfer of blood urea into the forestomachs is controlled not only by dietary factors but also by the physiological state of the animal, as growth, pregnancy and lactation. Urea excretion in the urine in lactating goats was lower than during the dry period (Brun-Bellut, 1996; Ndibualonyi et al., 1998) , which tended to occurre at both low and high levels of protein in the diet. Rumen recycled urea varied with physiological state being higher for lactation and lower during drying period in sheep (Brun-Bellut, 1996) . Changes in urea recycling due to the level of dietary protein, pregnancy, lactation or growth has been documented and comprehensive reviews have been presented (Harmeyer and Martens, 1980; Kennedy and Milligan, 1980; Lapierre and Lobley, 2001 ). However, there are only few data on the utilization of blood urea nitrogen during lactation (Brun-Bellut, 1996; Al-Dehneh et al., 1997) , especially the influence of the protein level in the diet on endogenous urea nitrogen incorporation into milk urea and milk protein (Pfeffer et al., 2009) .
The aim of the study was to estimate the magnitude of endogenous blood urea nitrogen incorporation into rumen bacteria protein and into milk protein in goats fed low, medium or high protein level in the diet.
MATERIAL AND METHODS

Animals and nutrition
The experiment was carried out in three primiparous Alpine goats at 105 days of lactation. In the second month of lactation each goat was surgically equipped with a soft rubber rumen cannula, with a bore diameter of 25 mm, in accordance with generally accepted principles. The day before the infusion, goats were permanently fitted with a polyurethane catheter into the jugular vein (16G x 200 mm). The experimental design was 3 x 3 Latin Square. Lactating goats were 12 months old and weighed 35±2 kg. They were housed in individual cages and fed every 6 h 550 g of one of three isoenergetic diets containing, low (LP), medium (MP) or high (HP) levels of protein, respectively. The crude protein concentration was 11%, 13% and 16% in dry matter (DM), respectively. The total daily amount of the diet (1200 g hay and 1000 g concentrate), was divided into four portions (4 x 550 g). Water was freely available. Concentrate composition is given in Table 1 and nutrient contents are given in Table 2 . 
Experimental design and sampling
The 22-days experimental period consisted of 14 days of adaptation to the diets and 8 days of sample collection. After the adaptation period, samples of feed, milk, rumen liquid, blood, urine and faeces were collected daily for respective analyses.
The refusals were weighed and pooled in a collective sample for analysis. For the collection of faeces and urine, animals were placed in cages equipped with a perforated sheet on the floor, enabling the separation of urine from faeces. Faeces were collected immediately after excretion, pooled and stored at 4 o C. The daily amount of faeces was weighed and samples of appropriate amounts were stored at -20 o C. Urine was collected in containers with 60 ml of 6N HCl. The daily amount of urine was weighed and appropriate samples were stored at -20 o C. Goats were milked twice a day at 06.00 and 18.00 h; milk was weighed and pooled for 24 h periods. Rumen liquid (200 ml) and blood samples from jugular vein were collected twice a day at 08.00 and 14.00 h. For blood sampling, the i.v. catheter was rinsed with 10 ml of isotonic saline. The first 5 ml of blood samples were discarded. After that, 9 ml blood was collected in heparinised tubes. The tubes were placed on crushed ice until centrifuged at 1450 g for 15 min at 4°C for preparation of plasma. Rumen bacteria were isolated from rumen liquid by two-step centrifugation, according to Meyer et al. (1967) . Collected samples were stored at -20 o C until analyses.
N-urea infusion
From the second day of sample collection, goats were continuously infused with 15 N-labelled urea (VEB Berlin-Chemie, Berlin, Germany) 98 atom % excess; 1.6 g/d 15 N 2 -urea, dissolved in 600 ml of 0.9% NaCl solution) into the jugular vein for 6 days to label the metabolic N pool. Amount of 
Analyses
The nutrient content in feeds and total N in urine, faeces and milk were determined according to AOAC procedures (1990) . Ammonia in rumen liquid was determined by microdiffusion (modified after Conway, 1954) . The concentrations of urea in milk and blood plasma samples were quantified using high-performance liquid chromatography with pre-column derivation (Czauderna and Kowalczyk, 2009 ). The content of 15 N in samples of rumen bacteria, faeces, and urine was determined at the Leibniz Institute for Farm Animal Biology (FBN), Dummerstorf (Germany), by means of isotope-ratio mass spectrometry, (IRMS; Delta S, Finnigan MAT, Bremen, Germany) after combustion of the dried samples by an elemental analyzer EA 1108 (Carlo Erba., Milan, Italy). For the determination of 15 N in milk protein, the protein fraction of milk was isolated by precipitation with 20% trichloroacetic acid (2:1, v/v) and centrifugation (3000 g for 5 min at 4 o C). The dried milk protein was used. For analysis of the 15 N level in milk urea, 5 ml of milk were incubated with 0.1 mg of urease (9 U/mg) for 3 h at 40°C. The resultant NH 3 was separated by microdiffusion (Voigt and Steger, 1967) , taken up in 4 ml of 0.01 M HCl, and was evaporated to dryness (at 60°C, air-forced oven). The 15 N enrichment of all samples was measured against a standard gas, which was calibrated against air nitrogen with ammonium sulphate as reference. A sample size of about 20 to 100 μg N was used for combustion (Lahann et al., 2010) . Unfortunately, the urea in the blood samples was contaminated with 15 N from the infusion solution, thus, it was assumed that 15 N enrichment of milk urea was essentially equal to that of urea entering the rumen from blood since urea in milk and that secreted into the rumen has a common source (blood urea). Hence, the estimated atom-% 15 N-excess of milk urea-N was used for calculation of the proportion of bacterial N synthesized in the rumen originating from endogenous urea.
The proportion of endogenous urea N of ruminal bacterial N was estimated as follows:
Endogenous N in bacterial N (% of total N) = 15 N in bacteria (at%) × 100 (2) 15 N in milk urea (at%)
The proportion of the endogenous N in the milk protein-N was calculated analogously.
The amounts of endogenous urea N transferred into milk protein N was estimated as follows:
Statistical analysis
The data were statistically analysed using the nonparametric Mann-Whitney U test for comparing independent experimental groups and regression analysis. The Statistica v. 6 package was used (2002; www.statsoft.pl).
Means were considered significantly different at P<0.05.
RESULTS AND DISCUSSION
No significant differences in feed intake were found between diets of goats (Table 3) . Milk yield (Table 3 ) was not correlated with the level of protein in the ration. Other authors observed a small positive correlation between the level of protein in diet and the daily milk yield (Wang et al., 2007; Zhai et al., 2007) .
However there was a weak positive correlation (r=0.338) between the protein content in the diets and the total nitrogen content in the milk (Table 3) . Positive correlation (r=0.707) was also observed between protein content in the diets and urea in milk (Table 4) , which agrees with other investigations Bonanno et al., 2008) .
The concentration of urea in milk was lower than in plasma, and these values were positively correlated (r=0.769; Figure 1 ), which is consistent with the results of Cabiddu et al. (1999) , Wang et al. (2007) and Zhai et al. (2007) . However Bava et al. (2001) reported higher levels of urea in milk than in plasma, but also a positive correlation between these values. The content of ammonia in rumen fluid (Table 4 ) differed highly between the diets (P<0.01). In comparison to low protein feeding, the amount of ruminal ammonia was greater at the medium dietary protein level, and greatest at the high dietary protein level (by 114% and 340%, respectively). The results indicate that the level of protein in the diet significantly affected the concentration of ammonia nitrogen in rumen fluid, probably as a result of a greater amount of protein degradation in the rumen.
Plasma urea concentrations differed significantly between groups (P<0.01), and increased together with the level of protein in the diets (Table 4) . At the medium level of protein, urea in blood plasma was increased by 100 % and at the high level by 275%.
There were differences among the diets in the concentration of nitrogen in the faeces, but significant differences were only between the HP diet and the other two diets. High protein intake resulted also in higher nitrogen excretion in feaces than after low protein intake (Table 4) . Marini and Van Amburgh (2003) observed increased excretion of nitrogen in the faeces when feeding high protein diets in Holstein heifers.
The level of protein in the diet had an impact on nitrogen excretion in the urine (Table 4) . At higher levels of protein in the diet nitrogen excretion in the urine increased, respectively, by 69% and 218%. There were no differences in nitrogen content in urine. Increased excretion of nitrogen was due to increased urinary excretion in the animals with higher levels of protein. Urine excretion was 1461, 2494 and 3170 g day -1 , respectively. The increase of the urinary N excretion with growing protein level in the diet corresponded with the excretion of urea (Table 4 ).The excretion was by 100% greater at medium level of protein in the diet, and by 352% greater at the highest level of dietary protein (P<0.01). Urea-N as % of total urinary N amounted to 60 (LP), 71 (MP), and 85 (HP), respectively. Recently Pfeffer et al. (2009) found the same influence of the dietary protein level on urinary urea-N in lactating goats. Eriksson and Valtonen (1982) , Faix et al. (1988) , Tebot et al. (1998) and Wang et al. (2007) , also showed a decrease in the concentration of urea in the urine and quantity of urea excreted, in response to a reduced dietary protein concentration. The amount of urea excreted in the urine was also positively correlated with plasma urea concentrations (r=0.757; Table 4), which corresponds to the results of other authors (Marini and Van Amburgh, 2003; Wang et al., 2007) . Thus, the urea clearance (urea in urine [g/d)/plasma urea (g/l)] was nearly constant in all 3 diets (40.8 l/24 h). This means that the excretion function of the kidneys for urea was independent of the protein content of diets.
The nitrogen content in the dry matter of rumen bacteria was 7.1% in the LP diet, and 8.5 % in the MP and HP diets (not shown). Thus, in goats fed a diet of medium and high protein content nitrogen content was 21% higher than in the LP group (P<0.01) 15 N-excess in bacterial mass, during the infusion of labeled urea, was greatest in goats treated with the LP diet and lowest in HP goats (Table 5) . Statistically significant differences were found between the diet group with high levels of protein and the other diets (P<0.01). So the level of protein in the diet affected the amount of 15 N-excess in rumen bacterial mass. This indicates greater utilization of endogenous urea by rumen microorganisms in goats in the proteinrestricted diet. As shown in Table 5 , the portion of the endogenous N of bacterial N decreases from 53% to 15% if the dietary CP content increases from 11.5% to 17.2% in DM. Greater utilization of urea could have resulted from higher recycling of urea to the rumen during low protein feeding (Kowalczyk et al., 1975a; Kennedy and Milligan, 1980; Brun-Bellut, 1996) . The observed differences in the utilization of endogenous N by rumen bacteria resulted mainly from differences in the concentration of ammonia in the rumen (Table 4) . This has been demonstrated many times by other authors (Gärtner et al., 1961; Remond et al., 1996) .
The proportion of endogenous N incorporated into milk protein corresponded with the utilization of endogenous N by rumen bacteria (Figure 2) . The proportion decreased from 25% to 7% with increasing levels of CP in the diets (Table 5) . N was excreted in the urine, followed by faeces, and the smallest amount was secreted in milk (Table 6 ). Total excretion in faeces and urine of administered 15 N was lowest in the group with the low level of dietary protein and increased with increasing levels of protein in the diets. This indicates increased utilization of endogenous urea nitrogen by goats fed the low-protein diet (Table 6 ).
In the urine the highest proportion of 15 N was excreted in goats fed the high protein diet and the lowest in goats fed low protein diets (P<0.05) ( Table 6 ). Higher excretion of endogenous urea nitrogen in the urine of goats fed a high protein diet may be due to less intensive transfer of urea from the blood into the rumen and thus its increased removal by the kidneys.
In contrast to urine, in faeces the highest 15 N excretion was observed in animals fed the low-protein diet (P<0.05; Table 6 ). This could be caused by the increased recycling of endogenous urea into the rumen, and utilization of this nitrogen by microorganisms for protein synthesis followed by incomplete absorption of nitrogen compounds in the gut. Also Kowalczyk et al. (1975a) observed in the faeces, higher level of nitrogen from intravenous urea infusion in animals fed lowprotein diet. However, it has also to be considered that the increased urea recycling in the LP diet could be caused not only from the lower protein content in feed, but also due to the higher content of wheat starch in the LP diet (Table 1) . This was probably a source of easily available energy for microbial protein synthesis, which also resulted in an increased nitrogen transfer to the rumen (Remond et al., 1996 , Al-Dehneh et al., 1997 .
Daily secretion of 15 N excess in milk was highest in the animals fed the LP diet, and lowest in the animals fed the HP diet (Table 6 ). In milk urea, 0.36% to 1.22% of the administered 15 N was secreted ( Table  7) . The largest amount was secreted in the goats fed the HP diet and the lowest in goats fed LP diet (P<0.05). The level of protein in the ration influenced the 15 N-incorporation into milk protein (P<0.01; Table 5 ), and the amount of 15 N secreted daily in milk protein (P<0.05; Table 7 ). From 2.2% to 6.9% of the administered urea nitrogen was secreted in the milk protein. Administered 15 N was incorporated most intensively in the milk protein of goats fed LP diet. Goats fed this diet utilized endogenous urea nitrogen to a greater degree for milk protein synthesis than the animals fed the high protein diet, due to the economical use of nitrogen compounds.
The daily amount of 15 N incorporated into milk protein was negatively correlated (r = -0.456; P<0.05) with the amount of 15 N secreted into milk as urea (not shown), so it can be concluded that the utilization of endogenous urea nitrogen for milk protein synthesis is negatively correlated with the amount of endogenous urea secreted into milk (Table 7) . It was a very high positive correlation (r=0.934) between the amount of 15 N-incorporated into rumen bacteria and in milk protein (Figure 3) , which indicates the utilization of amino acids originating from bacterial protein for milk protein synthesis. Thus, utilization of nitrogen from endogenous urea for milk protein synthesis depends on the transfer of nitrogen to the rumen and the use of this nitrogen by rumen bacteria. After the data in Table 5 (last line) the bacterial crude protein (CP) was utilized from 44 to 49% for the synthesis of milk protein. An influence of the protein level in the diet is not to be recognized. 
CONCLUSIONS
The present study confirms that endogenous urea nitrogen can be used by lactating goats for synthesis of bacterial and milk protein. Increasing the protein content in the diet reduces the efficiency of endogenous urea nitrogen utilization. In a feeding period of 22 days with a dietary crude protein level of 115 g·kg DM -1 and an energy level of 11.9 MJ ME·kg dry matter (DM) -1 , about 50% of the bacterial N demand were supplied by the rumino-hepatic cycle without reduction of milk yield and N-retentionin comparison to an isoenergetic diet with 133 g crude protein·kg DM -1 . Consequently, for the N balance in lactating goats (105 days in milk, about 45 g of milk·kg BW -1 ) the ruminal N balance (N-intake -N-outflow from the rumen to the intestine by undigested protein and microbial N) can be negative and reach a level of 50% of the ruminal microbial N requirements. This value is far higher than earlier found in growing bulls (Kluth et al., 2000) . That means that the utilization of the endogenous urea is more efficient by the lactating goat in comparison to the growing cattle. Pfeffer et al. (2009) found in lactating goats in comparison to lactating milk cows a higher utilization rate of endogenous urea degraded in the digestive tract. On the other hand, long time investigations are necessary to verify the high potential of the use of endogenous N by rumen microbes in high-yielding lactating goats fed protein-low diets. The reason for the higher milk yield and N-retention in goats fed the high protein diet is presumably a result of the specific effect of the higher amino acid availability in goats.
